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FIG. 11
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IMAGE PROCESSING APPARATUS,
DISPLAY PANEL AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefits of U.S. pro-
visional application Ser. No. 62/418,811, filed on Nov. 8,

2016 and U.S. provisional application Ser. No. 62/504,319,
filed on May 10, 2017/7. The entirety of each of the above-

mentioned patent applications i1s hereby incorporated by
reference herein and made a part of this specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to an 1mage processing apparatus, a
display panel and a display apparatus.

2. Description of Related Art

With blooming development 1n display technology, mar-
ket demands for performance requirements of a display
panel are advancements in high resolution, high brightness
and low-power consumption. However, with improved reso-
lution of the display panel, because an amount of sub-pixels
on the display panel will also increase for displaying 1n high
resolution, the manufacturing cost 1s also increased accord-
ingly. In order to reduce the manufacturing cost of the
display panel, a sub-pixel rendering method (SPR method)
has been proposed. A display apparatus generally uses
different arrangements and designs of the sub-pixels to
tformulate a proper algorithm so an 1image resolution visible
by human eyes (1.e., a visual resolution) can be improved.

Besides, 1n comparison with a data quantity of pixel data
not processed by the SPR method, the pixel data processed
by the SPR method can provide a reduced data quantity,
which 1s conducive to data transmission. In addition, a
suitable sub-pixel rendering can prevent an image display
quality from being reduced.

SUMMARY OF THE INVENTION

The invention 1s directed to an 1mage processing appara-
tus, a display panel and a display apparatus, with a data
processing including a sub-pixel rendering operation
capable of reducing a data transmission amount.

The 1image processing apparatus of the invention includes
an 1mage data processor unit. The image data processor unit
1s configured to generate a plurality of partial output frames
according to a plurality of mnput frames. With respect to one
pixel in a display panel, each partial output frame among the
partial output frames includes sub-pixel data corresponding,
to a part of sub-pixels 1n the pixel to be displayed by the
pixel mstead of sub-pixel data corresponding to all of the
sub-pixels 1n the pixel.

In an embodiment of the imnvention, the input frames are
included 1n a cycle with every P input frames per one cycle.
With respect to the pixel in the display panel, the image data
processor unit performs a sub-pixel data rendering operation
on a plurality of sub-pixel data related to a part, instead of
all, of sub-pixels 1n the pixel 1n each of the mput frames, so
as to generate a plurality of sub-pixel data to be displayed by
the part of the sub-pixels in the pixel 1n each of the partial
output frames, wherein P 1s an integer greater than or equal
to 2.
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In an embodiment of the invention, the sub-pixel render-
ing operation includes calculating a plurality of sub-pixel
data having an 1dentical color 1n each of the input frames by
the 1mage data processor unit according to a set of color
diffusion ratios, so as to generate a sub-pixel data to be
displayed by the pixel in each of the partial output frames.

In an embodiment of the invention, the mput frame
includes a first mput frame and a second input frame
temporally subsequent to the first input frame. The 1mage
data processor unit performs the sub-pixel rendering opera-
tion on a plurality of first-color sub-pixel data in the first
input frame, so as to generate the corresponding first-color
sub-pixel data to be displayed by the pixel in a first partial
output frame. The image data processor unit performs the
sub-pixel rendering operation on a plurality of second-color
sub-pixel data 1n the second input frame, so as to generate
the corresponding second-color sub-pixel data to be dis-
played by the pixel 1n a second partial output frame.

In an embodiment of the invention, the plurality of
sub-pixel data having the identical color correspond to a
plurality of different pixels on a same row 1n the display
panel, respectively.

In an embodiment of the invention, the 1mage processing,
apparatus further includes an 1mage compression unit. The
image compression unit 1s configured to compress the partial
output frames and output the compressed partial output
frames.

In an embodiment of the invention, the 1image processing,
apparatus includes a processor. The 1mage data processor
unit and the image compression unit are disposed in the
processor. The processor outputs the partial output frames to
a display driver.

In an embodiment of the invention, the 1mage processing,
apparatus further includes an 1image decompression unit.
The image decompression unit 1s configured to decompress
the compressed partial output frames, so as to generate the
decompressed partial output frames.

In an embodiment of the invention, the 1mage processing,
apparatus includes a display driver. The image data proces-
sor unit, the 1image compression unit and the 1image decom-
pression unit are disposed 1n the display driver. The display
driver drives the display panel according to the decom-
pressed partial output frames.

In an embodiment of the invention, the 1image processing,
apparatus further includes a storage unit and a data recon-
struction umt. The storage unit 1s configured to receive the
compressed partial output frames outputted by the image
compression umt and store the compressed partial output
frames. The data reconstruction unit 1s configured to recon-
struct the decompressed partial output frames to generate an
output frame aiter the compressed partial output frames are
decompressed by the image decompression unit, and output
the output frame for driving the display panel.

In an embodiment of the invention, the 1image processing,
apparatus 1ncludes a display driver. The image data proces-
sor unit, the 1mage compression unit, the storage unit, the
image decompression unit and the data reconstruction unit
are disposed 1n the display driver.

In an embodiment of the ivention, with respect to the
pixel 1 the display panel, the display driver 1s configured to
generate a plurality of data voltages according to all of the
sub-pixel data corresponding to the pixel 1n the output frame
for driving all of the sub-pixels 1n the pixel.

The display panel of the invention includes a pixel row, a
scan signal mput terminal, a scan line group and a scan
signal switching unit. The pixel row includes a plurality of
pixels, and each of the pixels includes a plurality of sub-
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pixels. The scan line group includes a plurality of scan lines.
The number of sub-pixels coupled to each of the scan lines
1s less than the number of sub-pixels included 1n the pixel.
The scan signal switching unit 1s configured to couple a scan
signal input terminal to one scan line in the scan line group.

In an embodiment of the invention, one pixel in the pixel
row 1s driven by a plurality of sub-pixel data corresponding,
to the pixel, which are respectively included 1n a plurality of
output frames corresponding to a plurality of consecutive
frame periods. Each of the output frames includes a part,
instead of all, of sub-pixel data to be displayed by the pixel.

The display apparatus of the invention includes a display
panel and an 1mage data processor unit and a display driver.
The display panel includes a pixel row, a data signal 1input
terminal, a data line group, a data signal switching unit, a
scan signal input terminal, a scan line group and a scan
signal switching unit. The pixel row includes a plurality of
pixels. Each of the pixels includes K sub-pixels, wherein K
1s a positive integer. The data line group includes N data
lines respectively coupled to N sub-pixels, wherein N 1s a
positive integer. The data signal switching unit 1s configured
to couple the data signal input terminal to one data line 1n the
data line group. The scan line group includes M scan lines.
The number of sub-pixels coupled to each of the scan lines
1s less than the number of sub-pixels included 1n the pixel,
wherein M 1s a positive integer. The scan signal switching,
unit 1s configured to couple a scan signal mput terminal to
one scan line in the scan line group. The 1mage data
processor unit 1s configured to generate a plurality of partial
output frames according to a plurality of mput frames. With
respect to one pixel 1 a display panel, each partial output
frame among the partial output frames includes a part,
instead of all, of sub-pixel data to be displayed by the pixel.
The display driver 1s coupled to the image data processor
unit and the data signal mput terminal of the display panel.

In an embodiment of the mvention, the mput frames are
included 1n a cycle with every P input frames per one cycle.
With respect to the pixel in the display panel, the image data
processor unit performs a sub-pixel data rendering operation
on a plurality of sub-pixel data related to a part, instead of
all, of sub-pixels 1n the pixel 1n each of the input frames, so
as to generate a plurality of sub-pixel data to be displayed by
the part of the sub-pixels 1n the pixel in each of the partial
output frames, wherein P 1s an integer greater than or equal
to 2.

In an embodiment of the invention, the sub-pixel render-
ing operation includes calculating a plurality of sub-pixel
data having an 1dentical color 1n each of the mput frames by
the 1mage data processor unit according to a set of color
diffusion ratios, so as to generate a sub-pixel data to be
displayed by the pixel in each of the partial output frames.

In an embodiment of the invention, the iput frame
includes a first mput frame and a second input frame
temporally subsequent to the first mput frame. The 1image
data processor unit performs the sub-pixel rendering opera-
tion on a plurality of first-color sub-pixel data in the first
input frame, so as to generate the corresponding first-color
sub-pixel data to be displayed by the pixel in a first partial
output frame. The image data processor unit performs the
sub-pixel rendering operation on a plurality of second-color
sub-pixel data in the second input frame, so as to generate
the corresponding second-color sub-pixel data to be dis-
played by the pixel in a second partial output frame.

In an embodiment of the invention, the display apparatus
includes a processor. The image data processor unit is
disposed 1n the processor. The processor outputs the partial
output frame to the display driver. The display driver gen-
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erates one or more corresponding data voltages according to
the part of the sub-pixel data corresponding to the pixel in
cach of the partial output frames for driving a part, instead
of all, of sub-pixels in the pixel.

In an embodiment of the invention, the display driver 1s
further coupled to the scan signal mput terminal of the
display panel. In a period during which the display driver
outputs the scan signal to one scan line in the scan line group
through the scan signal switching unit, the display driver
outputs said one or more corresponding data voltages
through the data signal switching unit for driving the part of
the sub-pixels 1n the pixel.

In an embodiment of the invention, the processor further
includes an 1image compression unit. The image compres-
s1on unit 1s configured to compress the partial output frames
and output the compressed partial output frames. The dis-
play driver further imncludes an 1mage data processor unit.
The image decompression unit 1s configured to decompress
the compressed partial output frames, so as to generate the
decompressed partial output frames.

To make the above features and advantages of the dis-
closure more comprehensible, several embodiments accom-
panied with drawings are described 1n detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the mven-
tion.

FIG. 1 1s a schematic diagram illustrating a display
apparatus 1 an embodiment of the invention.

FIG. 2A, FIG. 2B and FIG. 2C are schematic diagrams
illustrating pixel arrangements of a display panel in the
embodiment of FIG. 1.

FIG. 3A 1s a schematic diagram of the display driver in the
embodiment of FIG. 1.

FIG. 3B 1s a schematic diagram of an image data proces-
sor unit 1n the embodiment of FIG. 3A.

FIG. 4 1s a schematic diagram 1illustrating a sub-pixel
rendering operation and a data reconstruction operation 1n an
embodiment of the invention.

FIG. 5A and FIG. 3B are schematic diagrams illustrating
a sub-pixel rendering operation and a data reconstruction
operation 1n another embodiment of the invention.

FIG. 6 1s a schematic diagram illustrating a display
apparatus in another embodiment of the invention.

FIG. 7 1s a schematic diagram of a display driver and a
processor i the embodiment of FIG. 6.

FIG. 8 1s a schematic diagram 1illustrating a display
apparatus 1n an embodiment of the invention.

FIG. 9 1s a schematic diagram of a display driver and a
processor 1n the embodiment of FIG. 8.

FIG. 10A and FIG. 10B are schematic diagrams 1llustrat-
ing a display panel and image data being written into pixels
on the display panel 1n an embodiment of the invention.

FIG. 11 1s a schematic diagram illustrating control signals

of the display panel 1n the embodiment of FIG. 10A and FIG.
10B.

FI1G. 12A, FIG. 12B and FIG. 12C are schematic dia-
grams 1llustrating a display panel and image data being
written 1nto pixels on the display panel 1n another embodi-
ment of the invention.
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FIG. 13 1s a schematic diagram 1illustrating control signals
of the display panel 1n the embodiment of FIG. 12A to FIG.

12C.

DESCRIPTION OF TH.

L1l

EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are 1llustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIG. 1 1s a schematic diagram illustrating a display
apparatus 1n an embodiment of the invention. With reference
to FIG. 1, a display apparatus 100 of the present embodiment
includes a display panel 110 and a display driver 120. The
display panel 110 1s coupled to the display driver 120. The
display apparatus 100 of FIG. 1 1s, for example, an elec-
tronic apparatus such as cell phone, a tablet computer or
notebook computer, which may include an 1image input unait.
Further, the display driver 120 sequentially receives each
input frame VIN 1n a plurality of mput frames from the
image 1put unit. In the present embodiment, the display
driver 120 may be regarded as an image data processing
apparatus. The display driver 120 includes, for example, an
image data processor unit, which i1s configured to perform a
sub-pixel rendering operation on each mput frame VIN, so
as to generate one corresponding partial output frame
VOUTI1. Further, a plurality of partial output frames con-
tinuously generated by the image data processor unit can be
reconstructed by the display driver 120 to generate an output
frame VOUT2. The display driver 120 drnives the display
panel 110 according to the output frame VOUT2. In the
present embodiment, the display panel 110 1s, for example,
a display panel such as a liquid crystal display panel or an
organic light-emitting diode panel, but the type of the
display panel 110 1s not particularly limited 1n the invention.

FIG. 2A to FIG. 2C are schematic diagrams 1llustrating
pixel arrangements of a display panel in the embodiment of
FIG. 1. A display panel 110A illustrated in FIG. 2A 1s, for
example, a full color display panel. Each pixel 112A 1n the
display panel 110A includes sub-pixels in three colors,
which are red, green and blue. Herein, each pixel 1s a pixel
repeating unit, repeatedly arranged to form the display panel
110A. A display panel 110B 1illustrated 1n FIG. 2B 1s, for
example, an exemplary embodiment of a sub-pixel render-
ing (SPR) display panel. The display panel 110B includes a
pixel repeating unit 114B. The pixel repeating unit 114B 1s
repeatedly arranged to form the display panel 110B. The
pixel repeating unit 114B includes a pixel 112B_1, a pixel
112B_2 and a pixel 112B_3. The pixel 112B_1 includes a
red sub-pixel and a green sub-pixel. The pixel 112B_2
includes a blue sub-pixel and the red sub-pixel. The pixel
112B_3 includes the green sub-pixel and the blue sub-pixel.
A display panel 110C illustrated 1n FIG. 2C 1s, for example,
another exemplary embodiment of the SPR display panel.
The display panel 110C includes a pixel repeating unit 114C.
The pixel repeating unit 114C 1s repeatedly arranged to form
the display panel 110C. The pixel repeating unit 114C
includes a pixel 112C_1 and a pixel 112C_2. The pixel
112C_1 includes a red sub-pixel and a green sub-pixel. The
pixel 112C_2 includes a blue sub-pixel and the green
sub-pixel. In the exemplary embodiments of the invention,
the type of the SPR display panel i1s not limited by those
illustrated in FIG. 2B and FIG. 2C.

FIG. 3A1s a schematic diagram of the display driver in the
embodiment of FIG. 1. FIG. 3B is a schematic diagram of
an 1mage data processor unit in the embodiment of FIG. 3A.
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With reference to FIG. 3A and FIG. 3B, the display dniver
120 of the present embodiment includes an image data
processor unit 122, an i1mage compression umt 124, a
storage unit 126, an 1image decompression unit 128 and a
data reconstruction unit 129. The image data processor unit
122, the image compression unit 124, the storage unit 126,
the 1image decompression umt 128 and the data reconstruc-
tion unit 129 are disposed 1n the display driver 120 of the
display apparatus 100. In the present embodiment, an image
input unit 132 1s, for example, an 1mage source outside the
display driver 120, which 1s configured to output a first
image data D15b to the image data processor unit 122. The
first image data D15 represents one mput frame VIN, which
1s nputted to the image data processor unit 122. In an
embodiment, the display driver 120 1s, for example, an
integrated display driving chip for dnving a small or
medium size panel, and the mtegrated display driving chip
includes a timing controller circuit and a source driving
circuit. In this case, the image data processor unmit 122 1s, for
example, disposed in the timing controller circuit, and the
display apparatus 100 may include an application processor
to serve as the image mput unit 132. In another embodiment,
the display driver 120 includes, for example, a timing
controller chip (without being integrated with a data driver
chip 1nto one single chip), and the image data processor unit
122 1s, for example, disposed in the timing controller chip.

In the present embodiment, the 1image data processor unit
122 includes an image enhancement unit 121 and a sub-pixel
rendering operation unit 123. The image enhancement unit
121 receives the first image data D1b. The image enhance-
ment unit 121 1s, for example, configured to enhance bound-
ary regions between object and object or between object and
background 1n i1mages so as to bring out the boundary
regions so they can be easily determined thereby improving
an 1mage quality. The image enhancement umt 121 may also
include a related 1image processing for adjusting 1image color
or luminance. In the present embodiment, the sub-pixel
rendering operation unit 123 receives the first image data
D1b processed by the image enhancement unit 121. The
sub-pixel rendering operation unit 123 1s configured to
perform the sub-pixel rendering operation on the first image
data D15 (the input frame VIN) to generate a second image
data D25 (the partial output frame VOUT1). In an embodi-
ment, 1t 1s also possible that the sub-pixel rendering opera-
tion unit 123 can directly receive the first image data D15b
from the 1mage nput unit 132 without going through the
image enhancement unit 121. In other words, the i1mage
enhancement unit 121 may be disposed according to actual
design requirements, and the image data processor unit 122
may include the image enhancement unit 121 or not.

In the present embodiment and the subsequent embodi-
ments, each sub-pixel data in the first image data D1b
received by the image data processor unit 122 1s a gray level
value, whereas a sub-pixel data processed by the sub-pixel
rendering operation unit 123 1s a luminance value instead of
the gray level value. Therefore, the sub-pixel rendering
operation umt 123 may also include an operation of con-
verting the sub-pixel 1n the recerved first image data D15 (or
the 1mage data processed by the image enhancement unit
121) from the gray level value 1nto the luminance value so
the sub-pixel rendering operation can be performed subse-
quently. In the present embodiment and the subsequent
embodiments, because each sub-pixel data in the second
image data D2b generated after the sub-pixel rendering
operation performed by the sub-pixel rendering operation
umt 123 1s the luminance value, the sub-pixel rendering
operation unit 123 may also include an operation of con-
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verting the luminance value into the gray level value fol-
lowed by outputting the second image data D25 with data
content being the gray level value. Although the operations
of converting the gray level value into the luminance value
and converting the luminance value into the gray level value
are not shown 1n the schematic diagram of each subsequent
embodiment, person skilled in the art should be able to
understand a processed 1mage data type 1s the gray level
value or the luminance value according to each unit block.

In the present embodiment, the sub-pixel rendering opera-
tion unit 123 outputs the second 1image data D25b (the partial
output frame VOUT1) to the image compression unit 124.
The image compression unit 124 1s configured to compress
the second 1mage data D2b to generate a third image data
D35 (which 1s an 1image data generated by compressing the
partial output frame VOUT1). Then, the image compression
unit 124 outputs the third image data D35 to the storage unit
126. In the present embodiment, the storage umt 126
includes, for example, a frame bufler, which 1s configured to
receive and store the third image data D3b. Also, the storage
unit 126 can at least store two different third 1image data D35
(1.e., two compressed partial output frames VOUT1). The
image decompression unit 128 1s configured to access each
of the third image data D35 stored by the storage unit 126,
and decompress each of the third image data D35 to obtain
a corresponding decompressed second 1image data D2b. The
data reconstruction unit 129 is configured to reconstruct the
multiple decompressed second 1mage data D2b (the partial
output frames VOUT1) into a fourth image data D4b and
output the fourth image data D4b as the output frame
VOUT2 for driving the display panel 110. In the present
embodiment, the display driver 120 generates a correspond-
ing data voltage according to the output frame VOUT2 for
driving the display panel 110 to display image frames.

In the embodiment of FIG. 3A and FIG. 3B, the sub-pixel
rendering operation unit 123 performs the sub-pixel render-
ing operation on the first image data D1b to generate the
second 1mage data D2b. The second image data D2b 1s
compressed to generate the third image data D35b. Compared
to a data quantity of the first image data D1b, the data
quantities of the second 1image data D2b and the third image
data D35 may be reduced. In an embodiment, the image
compression unit 124 1s used as an 1mage data transmitter,
and the storage unit 126 1s used as an 1mage data receiver.
In this way, a transmission bandwidth between the image
compression unit 124 and the storage unit 126 may be
reduced, and a storage capacity of the storage unit 126 (the
frame buller) may also be reduced.

FIG. 4 1s a schematic diagram illustrating a sub-pixel
rendering operation and a data reconstruction operation 1n an
embodiment of the invention. FI1G. 4 shows partial pixel data
in the mput frames, the partial output frames and the output
frames for illustrative purposes only, where the sub-pixel
data with different colors are represented by diflerent back-
ground patterns. Some sub-pixel data in the partial output
frames with the background pattern being blank means that
the sub-pixel data 1s not included 1n the partial output frame.
In the present embodiment and the subsequent embodi-
ments, among sub-pixel data marks, R denotes a red sub-
pixel data; G denotes a green sub-pixel data; and B denotes
a blue sub-pixel data. The sub-pixel data marks are used to
represent the sub-pixel data and 1ts data value, such as the
luminance value. For instance, in the input frame 101
illustrated 1n FIG. 4, a pixel data P01_10 includes sub-pixel
data R10, G10, and B10; a pixel data P01_11 includes
sub-pixel data R11, G11, and B11; and a pixel data P01_12
include sub-pixel data R12, G12, and B12. With reference to

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 3A to FIG. 4, 1n the present embodiment, the input
frame VIN 1 FIG. 3A represents each input frame among
input frames 101 to 104 1n FIG. 4; the partial output frame
VOUT1 1n FIG. 3A represents each partial output frame
among partial output frames 111 to 114 1n FIG. 4; and the
output frame VOUT2 represents each output frame among
output {frames 121 to 124 1n FIG. 4.

Specifically, 1n the present embodiment, the mnput frames
101 to 104 are sequentially transmitted over time. That 1s to
say, the sub-pixel rendering operation umt 123 sequentially
receives the mput frames 101 to 104, and the sub-pixel
rendering operation unit 123 separately generates the cor-
responding partial output frames according to each of the
input frames. With respect to one pixel 1n the display panel,
cach of the partial output frames includes a part, instead of
all, of sub-pixel data to be displayed by the pixel.

The pixel data P11_11 of the partial output frame 111
corresponds to one pixel 1n the display panel, such as a pixel
112A_1 1n the display panel of FIG. 2A. In order to generate
a red sub-pixel data R11" to be displayed by the pixel, the
sub-pixel rendering operation unit 123 may know which
pixel data (and red sub-pixel data therein) in the mput frame
101 that the sub-pixel data rendering operation be performed
on. In the example of FIG. 4, the sub-pixel rendering
operation unit 123 performs the sub-pixel rendering opera-
tion on the red sub-pixel data R10 and R11 in the two
adjacent pixel data P01_10 and P01_11 in the mput frame
101, so as to generate the sub-pixel data R11" of the pixel
data P11_11 in the partial output frame 111. In other words,
the red sub-pixel of the pixel 112A_1 1n the display panel of
FIG. 2A 1s related to the red sub-pixel R10 and R11 1n the
input frame 101.

In the present embodiment, the sub-pixel data R11™ of the
pixel data P11_11 may be obtained by calculation according
to a set of color diffusion ratios (Y2, %2): R117=AR10+
1AR11. On the other hand, each pixel 1n each partial output
frame 1ncludes the green sub-pixel data, and a sub-pixel data
G11" may be obtained by calculation based on the following
equation: G117=G11. In other words, in the embodiment of
FIG. 4, the green sub-pixel data 1n each partial output frame
may be generated without going through the sub-pixel data
rendering operation, but equal to the corresponding green
sub-pixel data in the corresponding input frame. In the
present embodiment, the set of color diffusion ratios 1s
merely an example instead of a limitation to the invention.

Similarly, a pixel data P11_12 of the partial output frame
111 corresponds to one pixel 1n the display panel, such as a
pixel 112A_2 1n the display panel of FIG. 2A. The sub-pixel
rendering operation umt 123 performs the sub-pixel data
rendering operation on the blue sub-pixel data B11 and B12
in the two adjacent pixel data PO1_11 and P01_12 1n the
input frame 101 according to the set of color diffusion ratios
(12, 2), so as to generate a sub-pixel data B12™ of the pixel
data P11_12 i the partial output frame 111; the sub-pixel
data G127 is equal to the sub-pixel data G12 in the pixel data
P01_12 1n the input frame 101.

In view of the above, it can be known that, the pixel data
P11_11 in the partial output frame 111 correspondingly
generated according to the mput frame 101 includes the
sub-pixel data R11"7 and G117 but does not include the
sub-pixel data B117 (so B117 1s marked with blank back-
ground pattern in FIG. 4). In other words, with respect to the
pixel corresponding to the pixel data P11_11 in the display
panel, the partial output frame 111 provides the pixel data
R11" and G117 to be displayed by the pixel without pro-
viding B11™. Similarly, the pixel data P11_12 in the partial
output frame f11 includes the sub-pixel data G12™ and B12~
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but does not include the sub-pixel data R12™. In other words,
with respect to the pixel corresponding to the pixel data
P11_12 1in the display panel, the partial output frame 111
provides the pixel data G12* and B12™ to be displayed by the
pixel without providing the sub-pixel data R12". In the
present embodiment, for each pixel on the display panel, the
partial output frame 111 does not provide all of the sub-pixel
data corresponding to the respective pixel. For the sub-
pixels those sub-pixel data are not provided by the partial
output frame 111, the sub-pixel data may be provided by a
partial output frame previous to the partial output frame 111.
Therefore, the data reconstruction unit 129 needs to recon-
struct the current partial output frame with a part of data 1n
the previous partial output frame to generate the output
frame VOUT2, and description regarding the same will be
provided below.

As another example, 1n the present embodiment, a pixel
data P02_10 of the mput frame 102 includes sub-pixel data
R10, G10 and B10; a pixel data P02_11 includes the
sub-pixel data R11, G11, and B11; and a pixel data P02_12
include the sub-pixel data R12, G12, and B12. A pixel data
P12_11 of the partial output frame 112 corresponds to one
pixel 1n the display panel, such as the pixel 112A_1 1n the
display panel of FIG. 2A. In order to generate a blue
sub-pixel data B11™ to be displayed the pixel, the sub-pixel
rendering operation unit 123 may know which pixel data
(and blue sub-pixel data therein) 1n the mput frame 102 that
the sub-pixel data rendering operation 1s performed on. In
the example of FIG. 4, the sub-pixel rendering operation unit
123 performs the sub-pixel rendering operation on the blue
sub-pixel data B11 and B12 in the two adjacent pixel data
P01_11 and P01_12 1n the mnput frame 102, so as to generate
the sub-pixel data B11™ of the pixel data P12_11 in the
partial output frame 112. In other words, the blue sub-pixel
of the pixel 112A_1 1in the display panel of FI1G. 2A 1s related
to the blue sub-pixel B11 and B12 1n the input frame 102. In
the present embodiment, the sub-pixel data B11™ of the pixel
data P12_11 may be obtained by calculation according to the
set of color diffusion ratios (¥2,12):B11"=142B10+.2B11, and
the sub-pixel data G117 may be obtained by calculation
based on the following equation: G117=G11.

In view of the above, 1t can be known that, the pixel data
P12_11 in the partial output frame 112 correspondingly
generated according to the iput frame 102 includes the
sub-pixel data G117 and B11™ but does not include the
sub-pixel data R117. In other words, with respect to the pixel
corresponding to the pixel data P12_11 1n the display panel,
the partial output frame {12 provides the pixel data G11™ and
B11™ to be displayed by the pixel without providing the
sub-pixel data R117. Similarly, a pixel data P12_12 in the
partial output frame {12 includes the sub-pixel data R127
and G127 but does not include the sub-pixel data B12™. In
other words, with respect to the pixel corresponding to the
pixel data P12_12 in the display panel, the partial output
frame f12 provides the pixel data R12" and G12" to be
displayed by the pixel without providing the sub-pixel data
B12".

It 1s also noted that, according to the present embodiment,
a color set (G, B) of the sub-pixel data included by the pixel
data P12_11 1s different from a color set (R, ) of the
sub-pixel data included by the pixel data P11_11 corre-
sponding to the same pixel (e.g., the pixel 112A_1 of FIG.
2A) 1n the previous partial output frame f11. Simailarly, a
color set (R, ) of the sub-pixel data included by the pixel
data P12_12 i1s different from a color set (G, B) of the
sub-pixel data included by the pixel data P11_12 corre-
sponding to the same pixel (e.g., the pixel 112A_2 of FIG.
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2A) 1n the previous partial output frame 111. In the present
embodiment, the partial output frame 112 does not provide
all of the sub-pixel data corresponding to the pixel. For the
sub-pixels those sub-pixel data are not provided by the
partial output frame 112, the sub-pixel data may be provided
by the partial output frame 111 which 1s previous to the
partial output frame 112, and yet, needed to be reconstructed
by the data reconstruction unit 129.

In the present embodiment, the data reconstruction unit
129 reconstructs the partial output frames 111 and 112 1nto an
output frame 122 and outputs the output frame 122 for
driving the display panel 110A of FIG. 2A, for example. For
instance, the data reconstruction unit 129 reconstructs, for
example, the pixel data P11_11 (including the sub-pixel data
R11™ and G117) 1n the partial output frame {11 and P12_11
(including the sub-pixel data G11™ and B11™) in the partial
output frame 112 into a pixel data P22_11 of the output
frame 122, which 1s used to drive the pixel 112A_1 in the
display panel 110A of FIG. 2A, for example. The sub-pixel
data R117 of the pixel data P22_11 is, for example, selected
from the pixel data P11_11 of the partial output frame 111
(because the pixel data P12_11 of the partial output frame
112 does not include the red sub-pixel data) and marked by
R117(f11). The sub-pixel data G117 and B11" in the pixel
data P22 _11 are, for example, selected from the sub-pixel
data G117 and B11™ of the pixel data P12_11 of the partial
output frame 112 respectively (where the pixel data P12_11
includes the sub-pixel data G117 and B11™) and marked by
G117(f12) and B117(f12). The display driver 120 generates
a plurality of corresponding data voltages according to all of
the sub-pixel data corresponding to the pixel 112A_1 1n the
output frame 122 for driving all of the sub-pixels (1.e., the
three colors of red, green and blue) 1n the pixel 112A_1.

Each of the sub-pixel data 1n the partial output frame 111
illustrated 1n FI1G. 4 may be obtained by calculation based on
the followings: R117=12R10+Y4R11; G117=G11; G127
=G12; B12"=12B12+14B11; G217=G21; B217=1:2B21+
15B820; R227=15R22+V,R21; and G227=(G22. Fach of the
sub-pixel data in the partial output frame 112 illustrated 1n
FIG. 4 may be obtained by calculation based on the follow-
ings: G117=G11; Bl11™=1%B10+2B11; R12"=AR12+
1AR11; G127=G12; R217=12R21+2R20; G217=G12; G227
=(G22; and B227=15B22+142B21. Each of the sub-pixel data
in the partial output frame 113 1llustrated 1n FIG. 4 may be
obtained according to the calculation for the partial output
frame 111, each of the sub-pixel data 1n the partial output
frame 114 1llustrated 1n FIG. 4 may be obtained according to
the calculation for the partial output frame 112, and so forth.

In the embodiment of FIG. 4, each two mput frames are
treated as one cycle. For instance, the input frames 101 and
102 are included in one cycle, the mnput frames 102 and 103
are 1ncluded 1n another cycle, and the rest of the cycles may
be derived by analogy. The data reconstruction unit 129
generates one corresponding output frame by accordingly
reconstructing the partial output frames 1n each of the cycles.
In the present embodiment, the data updating will be com-
pleted 1n one cycle for the sub-pixels of all colors. For
example, although the sub-pixel data B11" not being
updated 1n the output frame 121 adopts the sub-pixel data
B11™ of an output frame (not shown) previous to the output
frame 121, which 1s equal to B11™ 1n a partial output frame
previous to the partial output frame 111, the latest sub-pixel
data B11™ will be included 1n the output frame 122; similarly,
although the sub-pixel data R11" not being updated in the
output frame 122 adopts the sub-pixel data R11™ of the
output frame 121, which 1s equal to R117 1n the partial output
frame {11, the latest sub-pixel data R11", which is equal to
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the sub-pixel data R11" in the partial output frame {13, will
be included 1n the output frame 123. A number of the input
frames included in each cycle 1s not particularly limited 1n
the invention. In an embodiment, 1t 1s also possible that each
three 1input frames are treated as one cycle.

FIG. 5A and FIG. 5B are schematic diagrams 1llustrating
a sub-pixel rendering operation and a data reconstruction
operation 1n another embodiment of the invention. With
reference to FIG. 5A and FIG. 5B, in the present embodi-
ment, the input frame VIN represents each mput frame
among nput frames 101 to 106; the partial output frame
VOUT1 represents each partial output frame among partial
output frames 111 to 116; and the output frame VOUT2
represents each output frame among output frames 123 to
126 1n FI1G. 4. In the present embodiment, each three input
frames are treated as one cycle. For instance, the input
frames 101, 102 and 103 are included 1n one cycle, the mput
frames 102, 103 and 104 are included 1n another cycle, and
the rest of the cycles may be derived by analogy. The
sub-pixel rendering operation unit 123 sequentially receives
the mput frames 101 to 106, and the sub-pixel rendering
operation unit 123 generates the corresponding partial out-
put frame according to each of the input frames. With
respect to one pixel in the display panel, each of the partial
output frames includes a part, instead of all, of sub-pixel data
to be displayed by the pixel.

As shown 1n FIG. SA and FIG. 3B, the pixel data P11_11
in the partial output frame 111 correspondingly generated

according to the input frame 101 1includes the sub-pixel data
R11™ but does not include the sub-pixel data G117 and B11™

(so G117 and B11" are marked with blank background
pattern 1n FIG. 5A). In other words, with respect to the pixel
corresponding to the pixel data P11_11 1n the display panel,
the partial output frame 11 only provides the pixel data
R11™ to be displayed by the pixel without providing G117
and B117. Similarly, the pixel data P11_12 in the partial
output frame f11 includes the sub-pixel data G127 but does
not include the sub-pixel data R12" and B12*. Also, the
pixel data P11_13 1n the partial output frame 111 includes the
sub-pixel data B13™ but does not include the sub-pixel data
R13™ and G13™. In other words, according to the embodi-
ment of FIG. 5A and FIG. 5B, in the same partial output
frame, colors of the sub-pixel data included by different
adjacent pixel data are difierent.

Similarly, with respect to the pixel corresponding to the
pixel data P12_11 in the display panel, the partial output
frame 112 only provides the pixel data G117 to be displayed
by the pixel without providing the sub-pixel data B11™ and
R11™. Similarly, with respect to the pixel corresponding to
the pixel data P12_12 1n the display panel, the partial output
frame f12 only provides the pixel data B12™ to be displayed
by the pixel without providing the sub-pixel data R12* and
G12". Similarly, with respect to the pixel corresponding to
the pixel data P12_13 1n the display panel, the partial output
frame f12 only provides the pixel data R13™ to be displayed
by the pixel without providing the sub-pixel data G13™ and
B13™. In short, in the present embodiment, with respect to
cach pixel on the display panel, each of the partial output
frames does not provide all of the sub-pixel data correspond-
ing to the pixel. Therefore, the data reconstruction unit 129
needs to reconstruct the current partial output frame with the
previous two partial output frames 1n order to generate the
output frame VOUT?2.

Specifically, in the present embodiment, the sub-pixel
data R11" of the pixel data P11_11 of the partial output
frame 111, the sub-pixel data G11™ of the pixel data P12_11
of the partial output frame 12 and the sub-pixel data B11*
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of the pixel data P13_11 of the partial output frame 113 are
reconstructed into the sub-pixel data R11%, G117 and B11~
of a pixel data P23_11 of the output frame 123, and displayed
by the sub-pixels 1n three colors (red, green and blue) of the
pixel 112A_1 1n the display panel 110A of FIG. 2A, respec-
tively.

In the present embodiment, the sub-pixel rendering opera-
tion unit 123 performs the sub-pixel rendering operation on
the sub-pixel data R10, R11 and R12 of the input frame 101
to generate the sub-pixel R117 of the pixel data P11_11 of
the partial output frame 111. The sub-pixel data R10, R11
and R12 respectively correspond to a plurality of different
pixels 112A_0, 112A_1 and 112A_2 on a same row 1n the
display panel 110A. In the present embodiment, the sub-
pixel data R11™ of the partial output frame {11 may be
obtained by calculation according to a set of color diffusion
ratios (15,%4,15): R117=14R10+5R11+/4R12.

Similarly, the sub-pixel rendering operation umt 123
performs the sub-pixel rendering operation on the sub-pixel
data G10, G11 and G12 of the mput frame 102 to generate
the sub-pixel G117 of the pixel data P12_11 of the partial
output frame 112. The sub-pixel data G10, G11 and G12
respectively correspond to the different pixels 112A_0,
112A_1 and 112A_2 on the same row 1n the display panel
110A. In the present embodiment, the sub-pixel data G117 of
the partial output frame 112 may be obtained by calculation
according to the set of color diflusion ratios (¥3,%5,%3):
G117=15G10+4G11+3G12. Similarly, the sub-pixel data
B11™ of the partial output frame f13 may be obtained by
calculation according to the set of color diffusion ratios
(15,Y5,15):B117=14B10+5B11+145B12. In the present
embodiment, the sub-pixel data of each color 1n the partial
output frames may all be obtained by calculation with the
same set of color diffusion ratios (V3,13,14).

Accordingly, in the present embodiment, the data recon-
struction umt 129 can reconstruct the partial output frames
111, 112 and 113 into the output frame 123 and output the
output frame 123 for drniving the display panel 110A. For
instance, the data reconstruction unit 129 reconstructs the
pixel data P11_11, P12 _11 and P13_11 into the pixel data
P23_11 of the output frame 123, for example. The sub-pixel
data R117 1n the pixel data P23_11 1s, for example, selected
from the pixel data P11_11, which simply includes the
sub-pixel data R11. The sub-pixel data G11 1n the pixel data
P23_11 1s, for example, selected from the pixel data P12_11,
which simply includes the sub-pixel data G11*. The sub-
pixel data B11™ in the pixel data P23_11 1s, for example,
selected from the pixel data P13_11, which simply includes
the sub-pixel data B117. In the present embodiment, with
respect to the pixel 112A_1 1n the display panel 110A, the
display driver 120 generates a plurality of corresponding
data voltages according to all of the sub-pixel data R117,
G11" and B11™ corresponding to the pixel 112A_1 in the
output frame 123 for dnving all of the sub-pixels (i.e., the
three colors of red, green and blue) 1n the pixel 112A_ 1 In
the present embodiment, the data reconstruction unit 129
generates one corresponding output frame by accordingly
reconstructing three consecutive partial output frames in
cach of the cycles. Data update will be completed 1n one
cycle for the sub-pixels of all colors 1n the display panel.

To realize each of the partial output frames 1llustrated 1n
FIGS. 4A and 4B or FIGS. 5A and 5B, the sub-pixel
rendering operation unit 123 can determine which color of
the sub-pixel should be included 1n one pixel data in the
currently generated partial output frame by counting results
from different counters. For example, the image data pro-
cessor unit 122 may include a frame counter, a display line
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counter and a pixel counter. The frame counter 1s used to
count the ordinal number corresponding to the current
output frame. The display line counter 1s used to count the
ordinal number corresponding to the display line which
pixel data are currently generated. The pixel counter 1s used
to count the ordinal number corresponding to pixel data
currently generated. In the embodiment of FIGS. 5A and 5B,
the pixel rendering operation unit 123 can determine which
color of the sub-pixel should be included in the pixel data to
be currently generated according to a remainder of count
values from the counters divided by three.

FIG. 6 1s a schematic diagram illustrating a display
apparatus according to another embodiment of the inven-
tion. FIG. 7 1s a schematic diagram of a display driver and
a processor 1n the embodiment of FIG. 6. With reference to
FIG. 6 and FIG. 7, a display apparatus 300 of the present
embodiment includes the display panel 110, a display driver
320 and a processor 330. In an embodiment, the processor
330 1s, for example, an application processor (AP). In the
present embodiment, the display apparatus 300 1s, for
example, an electronic apparatus having a display panel,
such a cell phone, a tablet computer or a camera.

In the present embodiment, the processor 330 may be
regarded as an 1mage processing apparatus, and the image
iput umt 132, the image data processor unit 122 and the
image compression unit 124 are disposed in the processor
330. The storage unit 126, the image decompression unit 128
and the data reconstruction unit 129 are disposed in the
display driver 320. The display driver 320 1s configured to
receive the third image data D356 from the processor 330 and
drive the display panel 110 according to the fourth image
data D45 (the output frame VOUT2). In the present embodi-
ment, the mmage data processor unit 122 performs the
sub-pixel rendering operation on the first image data D1b
(the input frame VIN) to generate a second image data D2b
(the partial output frame VOUT1). The second image data
D2b 1s compressed to generate the third image data D3b.
Compared to a data quantity of the first image data D15, the
data quantities of the second 1mage data D2b and the third
image data D3b may be reduced. In the present embodiment,
the processor 330 1s used as an 1mage data transmitter, and
the display driver 320 1s used as an image data receiver. In
this way, a transmission bandwidth between the processor
330 and the display driver 320 may be reduced, and a storage
capacity of the storage umt 126 (the frame bufler) of the
display driver 320 may also be reduced.

In addition, suilicient teaching, suggestion, and 1mple-
mentation regarding an operation method of the image
processing apparatus and the method for generating the
display data of the display panel of the present embodiment
the invention may be obtained from the foregoing embodi-
ments of FIG. 1 to FIG. 5B, and thus related descriptions
thereol are not repeated hereinafter.

FIG. 8 1s a schematic diagram illustrating a display
apparatus in an embodiment of the invention. FIG. 9 1s a
schematic diagram of a display driver and a processor 1n the
embodiment of FIG. 8. With reference to FIG. 8 and FIG. 9,
a display apparatus 200 of the present embodiment includes
a display panel 210, a display driver 220 and the processor
330. In the present embodiment, the display apparatus 200
1s, for example, an electronic apparatus having a display
function, such a cell phone, a tablet computer or a camera.

In the present embodiment, the processor 330 includes the
image mnput unit 132, the image data processor unit 122 and
the 1mage compression umt 124. The display driver 220
includes the image decompression unit 128. The display
driver 220 1s configured to receive the third image data D35
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from the processor 330, and drive the display panel 210
according to the decompressed second 1mage data D2b. In
the present embodiment, the image data processor unit 122
performs the sub-pixel rendering operation on the first image
data D15 to generate the second 1image data D2b. The second
image data D2b 1s compressed to generate the third image
data D3b. Compared to a data quantity of the first image data
D15, the data quantities of the second image data D2b and
the third 1image data D3b may be reduced. In the present
embodiment, the processor 330 1s used as an 1mage data
transmitter, and the display driver 220 1s used as an 1mage
data recerver. In this way, a transmission bandwidth between
the processor 330 and the display driver 220 may be
reduced.

In the present embodiment, the second 1image data D2b
(the partial output frame VOUT1) outputted by the image
data processor unit 122 may include one of the partial output
frames 111 to 116 as shown 1n FIG. 4, and the image data
processor unit 122 uses each two output frames as one cycle
to update all of the sub-pixel data. Alternatively, in another
embodiment, the second 1mage data D2b (the partial output
frame VOUT1) outputted by the image data processor unit
122 may include one of the partial output frames 111 to 116
as shown in FIG. 5A and FIG. 3B, and the image data
processor unit 122 uses each three output frames as one
cycle to update all of the sub-pixel data.

In the present embodiment, aiter compressing the second
image data D25, the image compression unit 124 generates
the third 1image data D3b to be transmitted to the image
decompression unit 128. Subsequently, after decompressing
the third image data D35, the image decompression unit 128
generates the second 1mage data D25, which 1s used to drive
the display panel 210. In the present embodiment, 1t 1s not
required to have the second image data D2b (the partial
output frame VOU'T1) outputted by the image data proces-
sor unit 122 reconstructed but simply converted into data
voltages by the display driver 220 for driving the display
panel 210. For instance, the display panel 210 may be driven
according to each of the partial output frames illustrated 1n
FIGS. 4A and 4B without going through reconstruction.

FIG. 10A and FIG. 10B are schematic diagrams 1llustrat-
ing a display panel and image data being written into pixels
on the display panel 1n an embodiment of the invention. A
display panel 210A 1s an embodiment of the display panel
210 of FIG. 9. FIG. 11 1s a schematic diagram illustrating
control signals of the display panel in the embodiment of
FIG. 10A and FIG. 10B. A timing sequence 1illustrated 1n
FIG. 11 may be used to control the two consecutive partial
output frames 111 and 112 to be displayed on the display
panel 210A. With reference to FIG. 10A to FIG. 11, 1n the
present embodiment, the display panel 210A includes a
plurality of pixel rows, a plurality of data line groups S1 and
S2, a plurality of data signal switching units 216, a plurality
of scan line groups G1 and G2 and a plurality of scan signal
switching units 214 A. Each of the data signal switching unit
216 and the scan signal switching umt 214A includes a
plurality of switch elements. FIG. 11 1illustrates a plurality of
control signals GW1 to GW4 and SW1 to SW6. When there
1s no data updating (1.e., no data voltage outputted), sub-
pixels of the display panel 210A can last for a while with the
data voltages other than not displaying at all.

In the present embodiment, the pixel row includes a
plurality of pixels 212A. Each pixel includes three sub-
pixels R, G and B. The data line group S1 includes three data
lines S11, S12 and S13 coupled to the three pixels R, G and
B, respectively. The data signal switching unit 216 1s con-
figured to couple a data signal input terminal (NS1, NS2) to
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one data line in the data line group. The scan line group G1
includes two scan lines G11 and G12. The scan line G11 1s
coupled to two sub-pixels 1n each pixel. The scan line G12
1s coupled to the other one sub-pixel 1n each pixel. The scan
signal switching unit 214A 1s configured to couple a scan
signal 1nput terminal (NG1, NG2) to one scan line 1n the
scan line group. In the present embodiment, each scan line
1s coupled to at least one sub-pixel 1n each of the pixels of
the pixel row, and a number of sub-pixels coupled by each
scan line 1s less than a number of sub-pixels included by the
pixel, as shown 1n FIG. 10A and FIG. 10B.

Further, a coupling relation of the sub-pixels with respect
to the three data lines S21, S22 and S23 of the data line
group S2 and the scan lines G11 and G12 of the scan line
group G2 may be derived by analogy with reference the data
line group S1, the scan line group G1 depicted 1n FIG. 10A
and FIG. 10B. In the present embodiment, each element, the
coupling relation among the elements and the number of the
signals are merely examples rather than limitations to the
invention.

In detail, FIG. 10A 1illustrates the situation where the
display driver 220 writes the partial output frame 111 of FIG.
4 into the pixels in the display panel 210A. FIG. 10B
illustrates the situation where the display driver 220 writes
the partial output frame 112 of FIG. 4 into the pixels in the
display panel 210A. In FIG. 11, dotted boxes marked by 111
and 112 represent wavelorm diagrams of the control signal
of each switch element when the partial output frames 111
and 112 are written into the display panel 210A, respectively.
The control signal at high level can control the correspond-
ing switch element to be turned on so the sub-pixel data can
be written into the corresponding sub-pixel. The operating
method for the rest of the partial output frames 1n FI1G. 4 to
be written mto the display panel may be derived from the
above. In the present embodiment, 1t 1s not required to have
the partial output frame VOU'T1 outputted by the image data
processor unit 122 reconstructed but simply converted into
data voltages by the display driver 220 for driving the
display panel 210A. The sub-pixel marked with the back-
ground pattern in FIGS. 10A and 10B indicates that the
current partial output frame (111 or 112) includes the corre-
sponding sub-pixel data, whereas the sub-pixel with the
background pattern being blank indicates that the current
partial output frame does not include the corresponding
sub-pixel data. Although the sub-pixels with the background
pattern being blank indicates that the current partial output
frame does not include the corresponding sub-pixel data,
such sub-pixel may still continuously display the corre-
sponding sub-pixel data in the previous partial output frame.

FIG. 12A to FI1G. 12B are schematic diagrams 1llustrating,
a display panel and 1image data being written into pixels on
the display panel 1n another embodiment of the invention. A
display panel 210B 1s an embodiment of the display panel
210 of FIG. 9. FIG. 13 1s a schematic diagram illustrating
control signals of the display panel 1n the embodiment of
FIG. 12A to FIG. 12C. A timing sequence illustrated 1n FIG.
13 may be used to control three consecutive partial output
frames 111 to 113 to be displayed on the display panel 210B.
With reference to FIG. 12A to FIG. 13, in the present
embodiment, the display panel 210B includes a plurality of
pixel rows, a plurality of data line groups S1, S2 and S3, a
plurality of data signal switching units 216, a plurality of
scan line groups G1, G2 and G3 and a plurality of scan
signal switching units 214B. Each of the data signal switch-
ing unit 216 and the scan signal switching unit 214B
includes a plurality of switch elements. FIG. 13 illustrates a

plurality of control signals GW1 to GW9 and SW1 to SW9.
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When there 1s no data updating (i.e., no data voltage
outputted), sub-pixels of the display panel 210B can last for
a while with the data voltages other than not displaying at
all.

In the present embodiment, the pixel row includes a
plurality of pixels 212B. Each pixel includes three sub-
pixels R, G and B. The data line group S1 includes three data
lines S11, S12 and S13 coupled to the three pixels R, G and
B, respectively. The data signal switching unit 216 1s con-
figured to couple a data signal input terminal (NS1, NS2,
NS3) to one data line 1n the data line group. The scan line
group 1 includes three scan lines G11, G12 and G13. Each
of the scan limes G11, G12 and G13 1s coupled to one
corresponding sub-pixel i each pixel. The scan signal
switching unit 214B 1s configured to couple a scan signal
input terminal (NG1, NG2, NG3) to one scan line 1n the scan
line group. In the present embodiment, each scan line 1s
coupled to at least one sub-pixel 1n each of the pixels of the
pixel row, and a number of sub-pixels coupled by each scan
line 15 less than a number of sub-pixels included by the pixel,
as shown i FIG. 12A to FIG. 12C.

In addition, coupling relation of the sub-pixels with
respect to the data lines S21, S22 and S23 of the data line
group S2, the data lines S31, S32 and S33 of the data line
group S3, the scan lines G21, G22 and G23 of the scan line
group G2 and the scan line G31 (G32 and G33 of the scan
line group G3 may be derived Wlth reference to the data line
group S1, the scan line group G1 depicted 1in FIG. 12A to
FIG. 12C. In the present embodiment, each element, the
coupling relation among the elements and the number of the
signals are merely examples rather than limitations to the
invention.

With reference to FIG. 12A to FIG. 13, FIG. 12A illus-
trates the situation where the display driver 220 writes the
partial output frame 111 1n FIG. SA into the pixels in the
display panel 210B. FIG. 12B 1llustrates the situation where
the display driver 220 writes the partial output frame 112 of
FIG. SA into the pixels in the display panel 210B. FIG. 12C
illustrates the situation where the display driver 220 writes
the partial output frame 113 of FIG. SA into the pixels in the
display panel 210B. In FIG. 13, dotted boxes marked by 111,
112 and 113 represent wavelform diagrams of the control
signal of each switch element when the partial output frames
111, 112 and 113 are wrntten into the display panel 210B,
respectively. The control signal at high level can control the
corresponding switch element to be turned on so the sub-
pixel data can be written 1nto the corresponding sub-pixel.
The operating method for the rest of the partial output
frames 1n FIG. 5A and FIG. 5B to be written into the display
panel may be dertved from the above. In the present embodi-
ment, 1t 1s not required to have the partial output frame
VOUT1 outputted by the image data processor unit 122
reconstructed but simply outputted by the display driver 220
for driving the display panel 210B. The sub-pixel marked
with the background pattern in FIGS. 12A and 12B indicates
that the current partial output frame (111 or 112 or 113)
includes the corresponding sub-pixel data, whereas the sub-
pixel with the background pattern being blank indicates that
the current partial output frame does not include the corre-
sponding sub-pixel data. Although the sub-pixels with the
background pattern being blank indicates that the current
partial output frame does not include the corresponding
sub-pixel data, such sub-pixel may still continuously display
the corresponding data in the previous partial output frame.

In addition, suflicient teaching, suggestion, and 1mple-
mentation regarding an operation method of the display
apparatus and the method for generating the display data of
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the display panel of FIG. 8 to FIG. 13 may be obtained from
the foregoing embodiments of FIG. 1 to FIG. 7, and thus
related descriptions thereof are not repeated hereinafter. It 1s
noted that the number of switch elements of the data signal
switching unit 216, the coupling relationships between
switch elements and data lines, the number of switch ele-
ments of the scan signal switching umt 214A or 2148, and

the coupling relationships between switch elements and scan
lines 1llustrated 1n the display panel 210A in FIGS. 10A and

10B and the display panel 210B 1n FIGS. 12A to 12C are
some of embodiments of the mvention and are not limita-
tions. In other embodiments, the number of switch elements
of the data signal switching unit 216 may be two or another
proper quantity; switch elements of each data signal switch-
ing unit 216 are not limited to couple to adjacent data lines;
the number of switch elements of the scan signal switching
unit 214 A or 214B may be determined based on the number
of mput frames of each cycle for updating sub-pixel data;
and, switch elements of each scan signal switching unit
214A or 214B are not limited to couple to adjacent scan
lines.

In an exemplary embodiment of the invention, each of the
display driver, the image enhancement unit, the 1mage data
processor unit, the image compression unit, the storage unait,
the 1mage decompression unit, the image mput unit, the data
reconstruction unit and the processor may be implemented
by any hardware or software in the field, which 1s not
particularly limited in the invention. Enough teaching, sug-
gestion, and implementation illustration for detailed imple-
mentation of the above may be obtained with reference to
common knowledge 1n the related art, which 1s not repeated
hereinatter.

In summary, according to the exemplary embodiments of
the invention, 1 the display driver and the method for
generating the display data of the display panel, the display
processing includes the sub-pixel rendering operation. With
the sub-pixel rendering operation performed by the image
data processor unit on the input image data to generate the
output 1mage data, the data transmission amount of the
image data 1n the device or between devices may be reduced.
Moreover, in the exemplary embodiments of the invention,
data structure of the partial output frames generated by the
sub-pixel data rendering operation may be adjusted accord-
ing to arrangements of sub-pixels on the display panel.

It will be apparent to those skilled 1n the art that various
modifications and varnations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. An 1mage processing apparatus, comprising:

an 1mage data processor unit, configured to generate a

plurality of partial output frames according to a plu-
rality of input frames, wherein with respect to one pixel
in a display panel, each partial output frame among the
partial output frames comprises a part, instead of all, of
sub-pixel data to be displayed by the pixel,

wherein an output frame driving the display panel 1s

reconstructed according to the plurality of partial out-
put frames,

wherein, with respect to the pixel 1n the display panel, the

image data processor unit performs a sub-pixel render-
ing operation on a plurality of sub-pixel data related to
a part, instead of all, of sub-pixels in the pixel in each
of the mmput frames, so as to generate a plurality of
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sub-pixel data to be displayed by the part of the
sub-pixels 1n the pixel in each of the partial output
frames.

2. The 1image processing apparatus according to claim 1,
wherein the mput frames are included 1n a cycle with every
P input frames per one cycle, wherein P 1s an integer greater
than or equal to 2.

3. The image processing apparatus according to claim 2,
wherein the sub-pixel rendering operation comprises calcu-
lating a plurality of sub-pixel data having an i1dentical color
in each of the input frames by the 1image data processor unit
according to a set of color diffusion ratios, so as to generate

a sub-pixel data to be displayed by the pixel 1n each of the
partial output frames.

4. The 1image processing apparatus according to claim 3,
wherein the plurality of sub-pixel data having the i1dentical
color correspond to a plurality of different pixels on a same
row 1n the display panel, respectively.

5. The 1image processing apparatus according to claim 1,
wherein the input frames comprise a first input frame and a
second input frame temporally subsequent to the first input
frame,

wherein the image data processor unit performs the sub-
pixel rendering operation on a plurality of first-color
sub-pixel data 1n the first input frame, so as to generate
the corresponding first-color sub-pixel data to be dis-
played by the pixel 1n a first partial output frame, and
the 1mage data processor unit performs the sub-pixel
rendering operation on a plurality of second-color
sub-pixel data i the second iput frame, so as to
generate the corresponding second-color sub-pixel data
to be displayed by the pixel 1n a second partial output
frame.

6. The image processing apparatus according to claim 1,

turther comprising;:

an 1mage compression unit, configured to compress the
partial output frames and output the compressed partial
output {frames.

7. The 1image processing apparatus according to claim 6,
wherein the 1mage processing apparatus comprises a pro-
cessor, the 1mage data processor unit and the 1mage com-
pression unit are disposed 1n the processor, and the processor
outputs the partial output frames to a display dniver.

8. The 1mage processing apparatus according to claim 6,
further comprising;:

an 1mage decompression unit, configured to decompress
the compressed partial output frames, so as to generate
the decompressed partial output frames.

9. The 1mage processing apparatus according to claim 8,
wherein the 1mage processing apparatus comprises a display
driver, the image data processor unit, the 1mage compression
unit and the 1mage decompression unit are disposed 1n the
display driver, and the display driver drives the display panel
according to the decompressed partial output frames.

10. The image processing apparatus according to claim 8,
further comprising:

a storage unit, configured to receive the compressed
partial output frames outputted by the 1mage compres-
ston unit and store the compressed partial output
frames; and

a data reconstruction unit, configured to reconstruct the
decompressed partial output frames to generate an
output frame aiter the compressed partial output frames
are decompressed by the image decompression unit,
and output the output frame for drniving the display
panel.




US 10,803,837 B2

19

11. The 1mage processing apparatus according to claim
10, wherein the 1mage processing apparatus comprises a
display driver, the image data processor unit, the image
compression unit, the storage unit, the image decompression
unit and the data reconstruction unit are disposed in the
display driver.

12. The image processing apparatus according to claim
11, wherein with respect to the pixel 1n the display panel, the
display driver i1s configured to generate a plurality of data
voltages according to all of the sub-pixel data corresponding,
to the pixel in the output frame for driving all of the
sub-pixels 1n the pixel.
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